INTRODUCTION
Functionally graded materials (FGMs) are a kind of composite materials which include continuously varying mechanical properties. Recently, these materials are widely used in manufacturing for special engineering applications such as nuclear reactors and chemical plants [1] [2] . Also, these materials are been widely applied in the aerospace and airplane industries [3] . Vast applications of FGMs make it necessary to consider buckling capacity of these structures. This subject has attracted a lot of researches to study the mechanical and thermal buckling of FGMs. Buckling analysis of solid circular FGM plates is done by Najafizadeh and Eslami [4] . They derived the equilibrium and stability equations of a FGM circular plate under uniform radial compression loads. They considered the classical plate theory and solved coupled stability equations to obtain buckling loads. Other researchers [5] [6] studied the thermal and mechanical buckling of rectangular FGM plates using the classical and high order plate theories. An exact solution for the buckling of FGM circular plates under uniform radial compression by using higher order shear deformation plate theory is presented by Najfizadeh and Heydari [7] . Also, Koohkan et al [8] analyzed annular functionally graded thin plates by using an analytical method. Abrate [9, 10] studied the free vibration, buckling, and static deflections of FGM plates. He showed that FGM plates behave like homogeneous ones and their behavior can be predicted. In the present paper buckling loads of circular, solid and annular FGM plates under pressure loads are calculated. First, Stability equations are derived through the variational formulation then by using an elegant method without solving coupled equations, buckling loads are calculated. Annular plates with different boundary conditions are considered. The results can also be used for FGM rings which are so applied as structural members in engineering designs.
BRIEF REVIEW OF THE BASIC EQUATIONS FOR FGM CIRCULAR PLATES
Power functions of the thickness circular plate composed of ceramic and metal is considered. The z component of coordinate axes is positioned along the plate thickness. Therefore, the modulus of elasticity E is considered as follows E E ) 2 2 )( (
where c E and m E are the Young's modulus of the ceramic and metal, respectively. In Eq. (1), h presents the plate thickness while k shows the volume fraction exponent. However, the Poisson's ratio is assumed to be constant. To obtain the total potential energy of the plate, strain energy is added to potential energy of external loads as follows
where U is the strain energy and can be obtained as follows: 
STABILITY EQUATIONS
Generally, to derive the stability equations by using energy method, the condition of second variation of the total potential energy is used, Brush and Almorth [11] . To determine the second variation condition, the following rule, namely Trefftz rule (
), is considered. This rule provides the governing equations that determine the buckling load. To achieve this goal the displacement components are defined as follows: 
DEFINING THE PROBLEM DOMAIN AND BOUNDARY CONDITIONS
The problems contain circular, solid and annular thin plates under compression loads. The circular solid plate is considered to be compressed on the edge. It is assumed that the plate has either the clamped or simply supported boundary conditions. Also the annular plate is assumed to be compressed on the both inner and outer edges. The buckling load is calculated for either clamed or simply supported boundary conditions.
Solid circular plate with clamped boundary condition
A circular plate with radius R and clamped boundary condition under pressure load is considered, see Fig.  1 . 
A nontrivial solution of this system of equations leads to the following 
The answer is yielded to the following system of linear homogeneous equations and outer edges simply supported It can be seen that the buckling load increases with an increase of (h/a) and decreases with an increase of the volume fraction ratio. [13] . To obtain the buckling load of a C-C annular plate, Fig. (3) is considered and the result is compared with the reference while a good agreement is seen. The procedure is continued and the buckling load for a S-C annular plate is calculated (using Figure 4) which is normally less than the buckling load of the C-C annular plate with the same geometry. In the same procedure buckling loads for plates with C-S and S-S boundary conditions are calculated (using Figures 5  and 6 , respectively) and compared with the reference. It can be seen that the results of Table 1 are a good verification of the presented approach. Table 2 is also prepared in the same procedure while considering the FGM annular plate. Different aspect ratios and volume fraction ratios are considered to show the effect of the variation of the material properties on the buckling load. It should be noted that FGMs composed of aluminum and alumina with the forgoing properties used for plotting Figures 7, 8 are considered. It can be seen that buckling load decreases by increasing the volume fraction ratio. 
